PIEZO-ELECTRIC RESONATOR AND 
MANUFACTURING METHOD THEREOF 



BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a piezo-electric resonator having a 
piezo-electric resonator element provided in a housing, and a manufacturing method 
thereof. 

2. Description of Related Art 

There has recently been a remarkable tendency directed toward a smaller and 
thinner size of mobile communication devices such as an HDD (hard disk drive), a 
mobile computer, and compact information devices such as an IC card, a portable 
telephone, car telephone and a paging system. Achievement of a smaller and thinner 
size is also demanded for piezo-electric devices such as a piezo-electric resonator used 
in these communication devices. There is simultaneously a requirement for a surface 
mounting type piezo-electric resonator capable of being mounted on both sides of a 
circuit board of the device. 

An example of a conventional piezo-electric resonator will therefore be 
described with reference to a low/medium frequency quartz resonator represented by 
configuration diagrams shown in Figs. 23(a) and 23(b) using a tuning fork type quartz 
resonator as the piezo-electric resonator element. The low/medium frequency quartz 
resonator having a frequency of 32.768 kHz, a typical frequency for a watch, or of 
from several ten kHz to several hundred kHz, used for an IC card or a pager. 

In the conventional configuration of the quartz resonator shown in Figs. 23(a) 
and 23(b), a quartz resonator element 201 formed from a quartz substrate and having a 
metal driving electrode formed on the surface thereof is mount-connected with a 
conductive adhesive to a pedestal of a base 202 formed with a ceramic laminated 
substrate, and is sealed by a lid 203 formed of a transparent glass material in a 
vacuum. After sealing, the resonator element is trimmed through the glass lid 203 
with a laser or the like to adjust the frequency. 

The above-mentioned piezo-electric resonator has a housing composed of a 
three-layer ceramic base and a glass lid, and is vacuum-sealed. The lid is made of a 
glass material such as high-quality borosilicate glass so as to permit adjustment of the 
frequency after sealing. 



However, the glass lid requires a high material cost and also a high cost for 
cutting the lid from a glass substrate into a rectangular shape of the lid at a high 
accuracy, resulting in a high cost of the piezo-electric resonator. Fine dust produced 
from the glass lid exerts an adverse effect on properties of the quartz resonator. 
Further, the base consisting of a three-layer ceramic substrate, and air-tightness 
between laminated layers poses a problem, which causes deterioration of properties of 
the resonator element that requires keeping a high vacuum. 

SUMMARY OF THE INVENTION 

The present invention has an object to solve the problems mentioned above in 
the conventional art, and to provide a piezo-electric resonator with high-vacuum and 
high-air-tightness at a low cost. 

The present invention provides a piezo-electric resonator consisting of a 
housing having an opening, and a piezo-electric resonator element provided in the 
housing, the piezo-electric resonator element being frequency-adjusted by a frequency 
adjuster from the opening provided in the housing. 

The present invention provides a piezo-electric resonator described above, the 
piezo-electric resonator element being a tuning fork type piezo-electric resonator 
element having two resonating arms and part of at least one of the two resonating 
arms being frequency-adjusted by a frequency adjuster. 

The present invention provides the piezo-electric resonator described above, 
the piezo-electric resonator element being a timing fork type quartz resonator element. 

The present invention as provides the piezo-electric resonator described above, 
the frequency adjuster being a trimming device based on laser beam or electron beam. 

The present invention provides the piezo-electric resonator described above, 
the piezo-electric resonator element being mounted on a base electrode section 
containing a first single layer and sealed by a lid containing a second single layer. 

The present invention provides the piezo-electric resonator described above, 
the opening provided in the housing being a size not exceeding an exterior size of the 
tuning fork type piezo-electric resonator element housed therein, and the tuning fork 
type piezo-electric resonator element being formed so that at least portions of both of 
the two resonating arms are exposed. 

The present invention provides a piezo-electric resonator consisting of a 
housing having an opening, and a piezo-electric resonator element provided in the 



housing, the housing containing a ceramic laminated substrate, and the opening 
provided in the housing being metallized. 

The present invention provides a piezo-electric resonator having an opening, 
and a piezo-electric resonator element provided in the housing, the housing containing 
5 ceramic laminated substrate, and an edge portion of the opening and a periphery of the 
opening being metallized. 

The present invention provides a piezo-electric resonator consisting of a 
housing having an opening, and a piezo-electric resonator element provided in the 
housing, a metal portion having a high thermal conductivity being formed around the 
1 0 opening provided in the housing. 

The present invention provides the piezo-electric resonator described above, 
the metal portion formed around the opening being of a same material as a metal 
coating used for metallizing the edge portion and the periphery of the opening. 

The present invention provides the piezo-electric resonator described above, 
15 the metal portion formed around the opening being connected to a metal coating 
metallizing the edge portion and the periphery of the opening. 

The present invention provides the piezo-electric resonator described above, in 
the metal coating at the edge portion and the periphery of the opening, an inner 
peripheral edge portion of the opening being metallized into a greater thickness than 
20 other regions around the opening. 

The present invention provides the piezo-electric resonator described above, 
the opening being sealed by heating the metal portion formed around the opening. 

The present invention provides the piezo-electric resonator described above, 
the metal coating being formed to cover regions including an inner peripheral edge of 
25 the opening provided in the housing, and a sealing step being accomplished by 
melting a sealing material applied to the opening. 

The invention provides the piezo-electric resonator described above, the 
housing being sealed by heating a metal portion formed around the opening to melt 
the sealing material applied to the opening. 
30 The present invention provides the piezo-electric resonator described above, 

the sealing material for sealing the opening being a metal alloy having a melting point 
within a range of from 250 to 500°C. 



The present invention provides the piezo-electric resonator described above, 
the sealing material for sealing the opening being any one of an Au-Sn soldering 
alloy, an Sn soldering alloy and a Pb-Sn soldering alloy and a combination of a 
plurality thereof. 

The present invention provides the piezo-electric resonator described above, 
the sealing material for sealing the opening being an alloy containing silver (Ag) and 
copper (Cu). 

The present invention provides the piezo-electric resonator described above, 
the opening provided in the housing being formed into an elliptic shape, and the 
sealing material for sealing the opening being a spherical metal alloy. 

The invention provides the piezo-electric resonator described above, the 
opening provided in the housing being circular, the sealing material for sealing the 
opening being a spherical metal alloy, and the sealing material having, before melting, 
a diameter from 1.1 to 1.3 times a diameter of the opening. 

The present invention provides the piezo-electric resonator described above, at 
least two sealing materials for sealing the opening being used, and the sealing 
materials being spherical metal alloy. 

The present invention provides a manufacturing method for manufacturing a 
piezo-electric resonator consisting of forming a housing having an opening, providing 
a piezo-electric resonator element in the housing, and frequency-adjusting a part of the 
piezo-electric resonator element through the opening provided in the housing. 

The present invention provides the manufacturing method for manufacturing a 
piezo-electric resonator described above, further including vacuum-sealing the 
opening in a vacuum and forming an air-tight region in which the piezo-electric 
resonator element is provided and vacuum-sealed, the region being formed from a 
single layer of a base and a lid. 

The present invention provides a manufacturing method for manufacturing a 
piezo-electric resonator described above, further including setting a sealing material 
on the opening, and heating the sealing material in a vacuum for vacuum-sealing the 
opening. 

The present invention provides the manufacturing method for manufacturing a 
piezo-electric resonator described above, further including heating a periphery of the 
opening in a vacuum for vacuum-sealing the opening. 
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The present invention provides the manufacturing method for manufacturing a 
piezo-electric resonator described above, the step of heating the sealing material 
consisting of providing the housing containing the piezo-electric resonator element in 
a vacuum chamber, and irradiating a high-temperature optical beam or laser beam 
from outside the vacuum chamber for heating and melting the sealing material. 

The present invention provides the manufacturing method for manufacturing a 
piezo-electric resonator described above, the step of heating the sealing material 
consisting of bringing a heating jig into contact with the sealing material and the 
periphery of the opening for heating and melting the sealing material. 

The present invention provides the manufacturing method for manufacturing a 
piezo-electric resonator described above, further including heating the lid or base in a 
vacuum at the step of heating the sealing material for vacuum-sealing the opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. l(a)-(b) illustrate the structure of a piezo-electric resonator of a first 
embodiment of the invention. Fig. 1(a) is a schematic plan view of the piezo-electric 
resonator, and Fig. 1(b) is a schematic front view of the piezo-electric resonator. 

Fig. 2 is a schematic view illustrating a frequency adjusting step of the 
piezo-electric resonator shown in Figs. l(a)-(b). 

Fig. 3 is a schematic rear view illustrating the piezo-electric resonator shown 
in Figs. l(a)-(b). 

Fig. 4 is a schematic sectional front view illustrating a piezo-electric resonator 
of a second embodiment of the invention. 

Fig. 5 is a schematic sectional front view illustrating a piezo-electric resonator 
of a third embodiment of the invention. 

Fig. 6 is a schematic rear view illustrating a piezo-electric resonator of a fourth 
embodiment of the invention. 

Figs. 7(a)-(b) illustrate the structure of a piezo-electric resonator of a fifth 
embodiment of the invention. Fig. 7(a) is a schematic plan view of the piezo-electric 
resonator, and Fig. 7(b) is a schematic sectional front view of the piezo-electric 
resonator. 

Fig. 8 is a schematic view illustrating a frequency adjusting step of the 
piezo-electric resonator shown in Figs. 7(a)-(b). 



Fig. 9 is a schematic rear view of the piezo-electric resonator shown in 
Figs. 7(a)-(b). 

Fig. 10(a) illustrates an opening periphery on the back of the piezo-electric 
resonator shown in Figs. 7(a)-(b). Fig. 10(b) is a schematic sectional front view of the 
5 piezo-electric resonator shown in Figs. 7(a)-(b). 

Fig. 1 1 is an schematic enlarged view of the opening section of the 
piezo-electric resonator shown in Figs. 7(a)-(b) as viewed from a side. 

Fig. 12 is a schematic enlarged view of a variant of the opening section of the 
piezo-electric resonator shown in Figs. 7(a)-(b) as viewed from a side. 
1 0 Fig. 13 is a descriptive view illustrating an example of a second sealing step of 

the piezo-electric resonator shown in Figs. 7(a)-(b). 

Fig. 14 is a descriptive view illustrating another example of the second sealing 
step of the piezo-electric resonator shown in Figs. 7(a)-(b). 

Fig. 15 is a descriptive view illustrating another example of the second sealing 
15 step of the piezo-electric resonator shown in Figs. 7(a)-(b). 

Fig. 16 is a graph chart illustrating a heating profile of the first heater of the 
second sealing step of the piezo-electric resonator shown in Fig. 15. 

Fig. 17(a)-(b) are graph charts illustrating a heating profile of the second 
heater of the second sealing step of the piezo-electric resonator shown in Fig. 15. 
20 Fig. 1 8 is a graph chart illustrating a vacuum process profile of second sealing 

step of the piezo-electric resonator shown in Fig. 15. 

Fig. 19 is a descriptive view illustrating another example of the second sealing 
step of the piezo-electric resonator shown in Figs. 7(a)-(b). 

Fig. 20 is a schematic sectional front view illustrating the sealing state of the 
25 opening section of the piezo-electric resonator shown in Figs. 7(a)-(b). 

Fig. 21 is a schematic sectional front view illustrating a piezo-electric 
resonator of a sixth embodiment of the invention. 

Fig. 22 is a schematic sectional front view illustrating a piezo-electric 
resonator of a seventh embodiment of the invention. 
30 Figs. 23(a)-(b) illustrate the structure of the conventional piezo-electric 

resonator. Fig. 23(a) is a plan view thereof, and Fig. 23(b) is a schematic sectional 
front view thereof. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Embodiments of the piezo-electric resonator of the invention will now be 
described with reference to the drawings with a 32.768-kHz quartz resonator for a 
watch using a quartz resonator element of the tuning fork type as an example. 
(First Embodiment) 

Fig. 1(a) is a plan view of the piezo-electric resonator 1 1 of this embodiment, 
and Fig. 1(b) is a front view of the piezo-electric resonator 11. 

As shown in these drawings, metallized electrode sections 2a and 2b having 
the surface plated with Ni and Au are formed at an interval d on a base 1, the base 
being formed by laminating two ceramic substrates la and^J^^Electrode sections 4a 
and 4b of, for example, a tuning fork type quartz resonator element 3, serving as 
piezo-electric resonator elements and having driving metal electrodes formed on the 
surfaces thereof are aligned with, and mounted on, the electrode sections 2a and 2b of 
this base 1 . The electrode sections 4a and 4b and electrode sections 2a and 2b are 
15 electrically connected and secured with a conductive adhesive 5. Then, the metal lid 6 
is aligned with the base 1. A first sealing step is carried out by melting a sealing 
material 7 using a beam irradiating device serving as heater such as a laser device or 
an electron beam device, thus sealing the quartz resonator element 3 in a housing 41 
consisting of the base 1 and the lid 6. 
20 An opening 8 communicating between the inside and the outside of the 

housing described later is formed in the bottom of the base 1 as shown in Fig. 1(b). 

Fig. 2 illustrates a step for the following fabrication with the back surface of 
the base 1 positioned upward. 

Frequency adjustment is carried out by trimming the metal electrode portion 
25 forming a part of the tuning fork type quartz resonator element 3 through the circular 
opening 8 provided in the base 1 as shown in Fig. 2, using a frequency adjuster 13 
such as a laser device or an electron beam device. 

Finally, a small sealing element 9 made of a metal or the like as shown in 
Fig. 1(b) is mounted on the opening section 8, and a second vacuum-sealing step is 
30 performed by melting a sealing material 10 using a laser device or an electron beam 
device, as in the first sealing, in a vacuum. 

A compact and thin quartz resonator 1 1 of the surface mounting housing is 
thus completed. 



The vacuum region S having a built-in tuning fork type quartz resonator 
element 3 is thus composed of a single layer portion 12 (upper substrate lb) of the 
base 1 and a lid 6 made of a metal and subjected to drawing, and has therefore a very 
high air-tightness. That is, because the vacuum region S is partitioned only by the 
5 single layer portion 12 of the base 1 and the drawn metal lid 6, there is no seam from 
the plurality of ceramic substrates composing the base within the vacuum region S, 
thus permitting maintenance of air-tightness. 

Fig. 3 illustrates the structure on the back side of the quartz resonator 1 1 in the 
embodiment of the invention, and represents the relationship between the portion 

10 trimmed by laser fabrication or by electric beam fabrication carried out for adjusting 
the frequency of the above-mentioned tuning fork type quartz resonator element 3. 

The quartz resonator element 3 is formed through a photolithographic 
fabrication from a quartz substrate into the same exterior shape in which a plurality of 
resonating arms are arranged. Further, a metal film serving as an electrode of a 

15 material such as Cr + Au or the like (for example, formed by sputtering Au onto a Cr 
film) is formed on the surface of each resonating arm. The frequency is reduced at a 
certain rate through a weighting effect by further accurately forming a thin film of a 
metal such as Au or Ag onto a part of this metal film. 

Then, the quartz resonator element 3 is broken off from the quartz substrate, 

20 and mounted on the base 1 and sealed with the lid 6 as shown in Fig. 1 (b). The 

resonance frequency of the quartz resonator element 3 varies under the effect of the 
heating caused by fabrication processes such as mounting and sealing, production 
stress, and an out-gas produced from the sealing material. It is therefore necessary to 
conduct frequency adjustment after sealing, and frequency adjustment should be made 

25 at a high accuracy. 

For this purpose, as shown in Fig. 3 5 an opening 8 is formed on the back side 
of the base 1 so that a frequency adjusting section 3c of at least one resonating arm 3a 
from among the two resonating arms 3a and 3b produced from branching of the quartz 
resonator element 3 can be fabricated with a laser beam or an electron beam through 

30 the opening 8. More specifically, the opening 8 is positioned so as to expose a part of 
the one resonating arm 3a of the two resonating arms 3a and 3b of the tuning fork type 
quartz resonator element 3 as a frequency adjusting section 3c. The laser beam or the 
electron beam melts the metal film consisting of Au or Ag of the frequency adjusting 



section 3c of the resonating arm 3a through the opening 8, and performs frequency 
adjustment so as to achieve a target frequency (for example, 32.768 kHz) by reducing 
the weight of the frequency adjusting section 3 c and increasing the frequency. 

A small sealing element 9 made of a metal or the like is mounted on the 
opening section 8 as shown in Fig. 1(b), and a sealing material 10 is melted by means 
of a laser device or an electron beam device, thereby conducting vacuum-sealing. 

Since the only necessary operation is sealing the opening 8 having a size that 
permits fabrication of only the frequency adjusting section 3 c of at least one 
resonating arm 3 a as described above, sealing exerts only a very slight effect on the 
frequency. 

(Second Embodiment) 

Fig. 4 illustrates a piezo-electric resonator 42 of another embodiment of the 
invention. The components of this piezo-electric resonator 42 corresponding to those 
in the first embodiment are assigned the same reference numerals, and description 
which would be a duplication is omitted here. The piezo-electric resonator 42 is 
different from that in the first embodiment in that a ceramic lid 3 1 is used in place of 
the metal lid 6 shown in Fig. 1(b). The piezo-electric resonator 42 of the second 
embodiment can therefore bring about the same advantages as those in the first 
embodiment. 
(Third Embodiment) 

Fig. 5 illustrates a piezo-electric resonator 43 of a further embodiment of the 
invention. The components of this piezo-electric resonator 43 corresponding to those 
in the second embodiment are assigned the same reference numerals, and description 
which would lead to duplication is omitted here. The piezo-electric resonator 43 is 
different from that in the second embodiment in that an opening 32 is formed in the 
lid 31 shown in Fig. 4. The piezo-electric resonator 43 of the third embodiment can 
therefore bring about the same advantages as those in the first and the second 
embodiments. 
(Fourth Embodiment) 

Fig. 6 illustrates a fourth embodiment of the invention. Fig. 6 is a view 
corresponding to Fig. 3 of a piezo-electric resonator 44, as viewed from the bottom of 
the base 1 . 



In Fig. 6, the components corresponding to those in the first embodiment are 
assigned the same reference numerals, and description which would result in 
duplication is omitted here. An opening 45 is provided in the base 1 . The opening 45 
is positioned so that portions of the two resonating arms 3a and 3b of a tuning fork 
5 type quartz resonator element 3 in a housing are exposed as frequency adjusting 

sections 3d and 3e, respectively. The opening 45 has a size not exceeding the exterior 
shape of the tuning fork type quartz resonator element 3. 

The laser beam or the electron beam irradiated as a frequency adjuster through 
the opening 45 melts the film of metal such as Au or Ag of the frequency adjusting 
10 sections 3d and 3e of the individual resonating arms 3a and 3 b, reduces the weight of 
the frequency adjusting sections 3d and 3e, and increases the frequency, thereby 
adjusting the frequency so as to achieve a target frequency (for example, 32.768 kHz). 
In the fourth embodiment, therefore, the weight can be reduced in a good balance 
between the individual resonating arms 3a and 3b. Apart from the above-mentioned 
15 advantage, the piezo-electric resonator 44 provides the same advantages as those in 
the first embodiment. 

In the foregoing embodiments, the sealing material 7 and 10 may consist of an 
Au-Sn, Pb-Sn or Ag containing metal material or an organic adhesive, in a clad or 
preformed material. 

20 According to the above-mentioned configuration, the first sealing step and the 

frequency adjusting step can be commonly carried out with the second sealing step in 
a laser device or an electron beam device, thus making it possible to achieve an 
integrated fabrication in a single device. 

The shape of the base 1 or the lid 6 of ceramics for fabrication may be a single 
25 product or a plate having a plurality of products arranged thereon. 

By using ceramics or a metal which is less expensive than high-quality glass 
for components, there is available a compact and thin quartz resonator having 
dimensions of 5 mm long x 2 mm wide x 0.8 mm thick is available at a low cost. 

A fifth embodiment of the piezo-electric resonator of the invention will now 
30 be described with reference to the drawings taking a 32.768 kHz quartz resonator for a 
watch using a tuning fork type quartz piezo-electric resonator element as an example. 
(Fifth Embodiment) 



Fig. 7(a) is a plan view of a piezo-electric resonator 51 of the embodiment, and 
Fig. 7(b) is a front view of the piezo-electric resonator 51. 

As shown in these drawings, a base 65 having two laminated ceramic 
substrates la and lb is provided with a metal such as W (tungsten), and Ni or 
5 Au-plated electrodes 52a and 52b on the surface thereof. Electrodes 54a and 54b of 
the tuning fork type quartz resonator 53 having a metal driving electrode formed on 
the surface thereof are aligned with, and mounted on, the electrodes 52a and 52b. The 
electrodes 54a and 54b and the electrodes 52a and 52b are electrically connected and 
fixed with a conductive adhesive 55. Then, a metal lid 56 is aligned with the base 65, 
10 and a first sealing step is performed by melting a sealing material 57 by means of a 
laser device or an electron beam device. The quartz resonator element 53 is thus 
sealed in a housing 61 consisting of the base 65 and the lid 56. 

An opening 58 providing communication between the inside and the outside of 
the housing described later is formed in the bottom of the base 65, as shown in 
15 Fig. 7(b). 

Further, the frequency is adjusted by trimming partial metal electrode portions 
of the tuning fork type quartz resonator element 53 by means of the laser device or the 
electron beam device 63 serving as a frequency adjuster through the circular or 
elliptical opening 58 provided in the base 65 as shown in Fig. 8. 

20 Finally, a second vacuum-sealing step is conducted by mounting, for example, 

a spherical sealing material 59 formed from an Au-Sn soldering or a 
high-melting-point Pb-Sn soldering material such as a 9:1 solder serving as the 
sealing material on the opening section 58, and melting the sealing material 59 in a 
vacuum by means of a batch-type vacuum-sealing device, a laser device, or an 

25 electron beam device. This second sealing step will be described later further in 
detail. 

As the foregoing, small and thin surface mounting housing type quartz 
resonator 51 is completed. 

As described above, the vacuum region incorporating the tuning fork type 
30 quartz resonator element 53, which consists of a single layer portion 62 (upper 

substrate lb) of the base 65, and the drawing-fabricated metal lid 56, has a very high 
air-tightness. That is, because the vacuum region S is partitioned only with the single 
layer portion 62 of the base 65 and the drawn metal lid 56, there is no seam from the 
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plurality of ceramic substrates composing the base, for example, in this vacuum 
region S, thus making it easy to maintain a high air-tightness. 

The above-mentioned sealing material 59 is made of a metal alloy, and may 
consist of, apart from the above materials, an Sn soldering material, an alloy of silver 
(AG) or copper (Cu), or a metal brazing material. The shape of this sealing material 
59 will further be described later. 

Fig. 9 is a structural view on the back of the quartz resonator 51 of this 
embodiment, illustrating the relationship between the portion trimmed by laser 
fabrication or electron beam fabrication of the resonator element 53 consisting of 
resonating arms 53a and 53b, and the opening 58. 

The quartz resonator element 53 of this embodiment is formed through a 
photolithographic fabrication in a state in which a plurality of elements are arranged 
on a quartz substrate, and a film of metals such as Cr + Au (for example, sputtering 
Au on a Cr film) is formed as an electrode. A thin film of a metal such as Au or Ag is 
accurately formed further on a part of this metal film, to reduce the frequency at a 
certain rate under the weight effect. 

Then, the quartz resonator element 53 is broken off the quartz substrate, 
mounted on the base 65 shown in Figs. 7(a)-(b), and sealed with the lid 56, The 
resonance frequency of the quartz resonator element 53 varies under the effect of the 
heating caused by the mounting and sealing fabrication steps, the resulting production 
of stress, or a gas produced from the conductive adhesive 55 or the sealing material 
57. It is therefore necessary to adjust the frequency after sealing, and frequency 
adjustment must be carried out accurately. 

As shown in Fig. 9, the opening 58 is formed on the back of the base 65 so as 
to permit fabrication of the frequency adjusting section 53c of at least one resonating 
arm 53a of the quartz resonator element 53 by a laser beam or an electron beam 
through the opening 58. The laser beam or the electron beam irradiated through the 
opening 58 melts the film of the metal such as Au or Ag of the frequency adjusting 
section 53c of the resonating arm 53a, reduces the weight of the frequency adjusting 
section 53c, thereby increasing and adjusting the frequency so as to achieve a target 
frequency (for example, 32.768 kHz). 
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Vacuum-sealing is carried out by mounting the sealing material 59 on the 
opening section 58 and melting the sealing material 59 using a vacuum-sealing 
device, a laser device or an electron beam device. 

Since the only necessary operation is sealing the opening 58 having a size that 
5 permits fabrication of just only the frequency adjusting section 53c of at least one 
resonating arm 53a as described above, there is only a very slight negative effect of 
sealing to the frequency. 

The above mentioned second sealing process of mounting the metal alloy 
serving as the sealing material on the opening section 58 and performing vacuum- 
1 0 sealing will now be described further in detail. 

Fig. 10(a) illustrates only the opening section 58 when viewing the 
piezo-electric resonator 51 from the back of the base 65. Fig. 10(b) is a sectional front 
view of the piezo-electric resonator 51 . 

As shown in Figs. 10(a) and 10(b), the opening section 58 consisting of a 
1 5 throughhole 76 having a diameter of 0.3 mm and a step 74 having a diameter of 0.6 
mm is formed in the base 65. That is, the throughhole 73 is formed in the first 
substrate la composing the base 65, and another throughhole 76 smaller than the 
throughhole 73 is formed in the second substrate lb, thus forming the step 74 between 
the throughholes 73 and 76. 
20 A metal coating 74a metallized with W (tungsten) and plated with Ni and Au 

on the surface is formed on the surface of the step 74, similar to forming the 
electrodes 52a and 52b on the base 65. As a result, the metal coating 74a is arranged 
around the opening 58 provided in the housing 61 . It is therefore possible to 
efficiently transfer heat up to the sealed portion by heating this portion, and to achieve 
25 a very high degree of vacuum. 

A metal portion 75 which is the metallized portion having a high thermal 
conductivity composed by forming a plurality of elements of W (tungsten), for 
example, each having a diameter within a range of from 0.2 to 0.25 mm is provided 
around the opening section 58. The metal portion 75 is electrically connected to the 
30 metal coating 74a of the step 74. As a result, it is possible to directly heat through the 
opening section 58 formed of fine holes by heating the metal portion 75 formed 
around the opening section 58 as described later. It is therefore possible to 
instantaneously accomplish vacuum-sealing of a high reliability. Because the heat is 
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not directly conducted to portions other than the sealed portion, heat does not affect 
particularly the mounting portion of the piezo-electric resonator element 53, and there 
is available a piezo-electric resonator of a high precision free from frequency 
deviation after sealing. 

Then, the quartz resonator 51 after frequency adjustment is set as shown in 
Fig. 10(b) on a batch type vacuum-sealing device not shown, and a metal member 
serving as the sealing material 59 is set. 

Fig. 1 1 is an enlarged sectional view illustrating the sealing material 59. 

In Fig. 1 1, the sealing material 59 is a spherical metal alloy having, for 
example, a diameter of 0.35 mm, formed of an Au-Sn soldering material or a 
high-melting-point Pb-Sn soldering material such as 9:1 solder. As a sealing material 
59, a metal alloy having a melting point within a range of from 250 to 500°C is easy 
to handle, or apart from the above-mentioned ones, an Sn soldering material, an alloy 
of silver (Ag) or copper (Cu), or a metal brazing material may be employed. 

By using such a sealing material 59, it is possible to accomplish sealing at a 
low temperature and to instantaneously complete highly reliable vacuum-sealing. 
Because the sealing material consists of a very slight spherical(ball-shaped) alloy 
having a diameter of from 0.3 to 0.4 mm, fabrication of the sealing material is easy 
and manufacturing is possible at a low cost. 

The shape of the hole of the opening section 58 is preferably circular or 
elliptic. When the shape of the hole is elliptic, for example, a plurality of sealing 
materials 59 may simultaneously be applied. 

When a spherical sealing material 59 is used, as shown in Fig. 1 1, assuming 
that the sealing material 59 has a diameter LI and the throughhole 76 has a diameter 
L2, LI should preferably be 1.1 times to 1.3 times as large as L2. When LI is smaller 
than this range, the sealing material 59 may drop into the housing 61. When LI is 
larger than this range, it largely comes off the opening 58. Appropriate heating 
operation may be prevented by an excessively increased thermal capacity of the 
sealing material 59, and this leads to a higher material cost. 

It is therefore desirable to determine the coated area of the metal coating 
portion 74a on the surface of the step 74 so that molten metal of the melted sealing 
material 59 does not come off the area A or the area B in Fig. 1 1 , If the molten metal 
comes off the area A, there occurs difficulty in mounting the piezo-electric resonator 



5 1 on a substrate or the like. If the molten metal comes off the area B, it may come 
into contact with the piezo-electric resonator element 53 in the housing 61 and this 
may lead to short circuit. As a result, the metal coating 74a is located around the 
throughhole 76 of the opening section 58 (area C) and at the various places. More 
specifically, in Fig. 11, the metal coating 74a formed around the opening 58 has an 
extension 76a covering the inner peripheral edge in addition to the portion 
surrounding the throughhole 76. As described later, therefore, the metal melted upon 
heating and melting the the sealing material 59 adheres to the extension 76a, thus 
permitting improvement of the sealing effect. In this case, it is desirable limit the 
extension 76a within the inner peripheral edge of the throughhole 76 to avoid reaching 
the opposite side of the hole. If the extension 76a will reach the opposite side of the 
hole, in the melting step of the sealing material 59, the molten metal may reach inside 
of the housing 61 . The extension 76a should therefore preferably be set within a 
range of from 1/3 to 1/2 of the depth of the throughhole 76. 

Further, as shown in Fig. 12, a thick film coating portion 74b having a greater 
thickness than the periphery thereof should preferably be provided in the peripheral 
region of the metal coating 74a near the throughhole 76. As a result, when the sealing 
material 59 is heated and melted, wettability with the molten metal is improved, 
leading to an improvement of the sealing effect. 

After applying the sealing material 59 to the opening section 58, the metal 
portion 75 arranged around the opening 58 (shown in Fig. 10) is heated by a tip of a 
heater or the like, and heat conduction therefrom heats the step 74, thus further 
heating and melting the sealing material 59. The molten sealing material 59 
metallizes the step 74, and the hole 76 is simultaneously sealed to complete the 
second vacuum-sealing process. 

A second vacuum-sealing device for achieving the second sealing process will 
be described in detail with reference to Fig. 13. 

In Fig. 13, a vacuum-sealing device 100 includes a heat source 101, and a 
heating jig 80 having a heat conductor 81 and a contact jig 82. The heat conductor 81 
is connected to the heat source 101, and a contact jig 82 (first heater) is attached to the 
heat conductor 81 to ensure heat conduction. 

The heating jig 80 is composed of the heat conductor 81 and the contact jig 82. 
The contact jig 82 may be attached to a plurality of heat conductors 81 at prescribed 




intervals. The heat conductor 81 itself may contain a heat source such as an electric 
heater (carbon heater or like), or may be connected to the heat source 101 . The 
heating jig 80 is driven by a driving device such as a triaxial robot movable in the 
horizontal XY direction and in the vertical Z direction not shown. 
5 The contact jig 82 has a first pin 83 arranged near the center so as to come into 

contact with the sealing material 59 when the jig is located on the opening 58 as 
shown in Fig. 13, and second pins 84 arranged around the first pin 83 so as to come 
into contact with the upper surface of the metal coating 74a. 

Both the heating jig 80 and the housing 61 are arranged in a vacuum, and the 

10 heating jig 80 is positioned relative to the opening 58. At least the portion of the 
contact jig 82 is lowered, and as shown in Fig. 13, the first pin 83 is brought into 
contact with the sealing material 59. The second pins 84 are simultaneously brought 
into contact with the metal coating portion 74a. At this point, the buried metal portion 
75 not shown in Fig. 13 may also be brought into contact with the second pins 84. 

1 5 Then, heat is conducted from a heat source such as an electric heater to the 

heat conductor 81, and further conducted to the sealing material 59 and the metal 
coating portion 74a via the contact jig 82. When the metal portion 75 is provided as 
described above, heat is conducted also to the metal portion 75. 

As a result, heat is conducted to the sealing material 59 not only from the first 

20 pin 83, but also from the metal coating portion 74a and the metal portion 75, and is 
thus very efficiently heated and melted. As shown in Fig. 20, the second sealing 
operation is carried out in a vacuum by closing the throughhole 76 of the opening 
section 58. 

Fig. 20 is a sectional view of the opening section 58 after sealing, in which the 
25 diameter of the sealing material 59 is set so that the sealing material 59 does not 
project from the back of the housing 61. 

Regarding the vacuum profile of the vacuum-sealing device and the profile of 
heating temperature of the above-mentioned heater serving as the heat source, setting 
is made so that a sufficiently high degree of vacuum is reached in the housing of the 
30 piezo-electric resonator 51 prior to complete melting of the sealing material 59. 

Fig. 14 illustrates another technique for the second sealing fabrication. 



As shown in Fig. 14, the vacuum-sealing device 110 provides a vacuum 
chamber 91 and a heater 93. The housing 61 is housed in the vacuum chamber 91 . In 
this state, the interior of the vacuum chamber 91 keeps a high degree of vacuum. 

A partial partition or a cover 92 shown in Fig* 14 of the vacuum chamber 91 is 
transparent. The opening 58 of the housing 61 is arranged and housed so as to be 
opposed to the cover 92 side. 

In contrast, the heater 93 is arranged outside the vacuum chamber 91. The 
heater 93 is driven by a driving device such as a triaxial robot not shown operable in 
the horizontal XY direction and the vertical Z direction. The heater 93 has a driving 
source 94 and a beam irradiating device 95 connected to the driving source 94. The 
beam irradiating device 95 irradiates a laser beam or a high-temperature optical beam 
of a large capacity to the cover 92 of the vacuum chamber 91 . 

In this configuration, the heater 93 is moved for positioning relative to the 
vacuum chamber 91 as shown in Fig. 14, and the driving device 94 is driven to 
irradiate, for example, a laser beam from the beam irradiating device 95. The beam is 
irradiated onto the sealing material 59 through the transparent cover 92 to heat and 
melt the sealing material 59. 

The sealing material 59 is thus heated and melted, and the resulting molten 
metal blocks off the throughhole 76 of the opening section 58 as shown in Fig. 20, 
thereby conducting the second sealing operation in the vacuum atmosphere. 

The sealing material 59 may therefore be melted by heating only the sealing 
material 59 without heating the metal coating portion 74a or the metal portion 75. 

Fig. 15 shows a vacuum-sealing device 120 for achieving the second vacuum- 
sealing step described above. 

The components of this vacuum-sealing device 120 corresponding to those in 
the vacuum-sealing device 100 described in the Fig. 13 are assigned the same 
reference numerals, and description which would be a duplication is omitted here. As 
compared with the vacuum-sealing device 100 described in the Fig. 13, the vacuum- 
sealing device 120 is different from the vacuum-sealing device 100 in that a second 
heater 121 is positioned so as to contact with the lid 56 of housing 61, and a heat 
controller 102 is connected to the heat source 101 and the second heater 121. The 
second heater 121 may be composed of a heater block like as a carbon heater for heat 



source itself. In this case, the heat source 101 and the heat conductor 81 consists of a 
same unit. 

The second vacuum-sealing step can be achieved by using the vacuum-sealing 
device 1 20 for heating the housing 6 1 under the melting point temperature of the 
5 sealing material 59. Concretely, the vacuum-sealing step is achieved by such heating 
step as shown in Figs. 16 and 17. 

First, the contact jig 82 is held above the sealing material 59, and the first pin 
83 and the second pins 84 are not in contact with the sealing material 59. This 
configuration is different from the embodiment shown in the Fig. 15. Then, the heat 

10 controller 102 heats the housing 61 for driving the second heater 121. The heat from 
the second heater 121 is conducted to the sealing material 59 in contact with the 
housing 61 , and the sealing material 59 is heated up to 200°C or so as shown in the 
Fig. 17. In this case, the heat controller 102 may receive heating temperature 
information from measuring the temperature of the sealing material 59, or from the 

1 5 heating time and heating-up speed based on the data which was previously obtained 
by experiment. It is preferable that the heating time of the housing 61 is between 5 
and 1 0 minutes, before the heating and melting of the sealing material 59. If the time 
is set such range, harmful gas produced from the sealing material 57 or the adhesive 
material 55 of the lid 56 shown in Fig. 7(b) can be removed from the housing by 

20 vacuum-sealing. Fig. 1 8 shows a vacuum profile of the vacuum-sealing process. 

In contrast, the heat controller 1 02 drives the heat source 1 0 1 so that the heat 
conductor 81 is heated, the heat is conducted to the contact jig 82, and the contact jig 
82 (first heater) is heated up to the temperature such as 320°C (see Fig. 16). 

Then, for example, when the temperature of the sealing material 59 reaches 

25 200°C and the temperature of the contact jig 82 reaches 320°C, a driving device (not 
shown) drives the contact jig 82 down and in the position shown in Fig. 15. 

That is to say, the first pin 83 of the contact jig 82 contacts near the center of 
the sealing material 59, and the second pins 84 contacts metal coating 74a and/or 
metal portion 75 shown in Fig. 10(b), therefore, the temperature of the sealing 

30 material 59 rises rapidly and reaches over the melting point of the sealing material 59 
shown as symbol A of Fig. 17(a). It is desirable that the temperature rising time is 
shorter, preferably equal or less that 10 seconds, more preferably equal or less than 3 
or 5 seconds, and the best result is obtained when the rising time is 1 .5 seconds. 




With regard to the temperature rising time of the sealing material 59, 
Fig. 17(b) shows enlarged view of the portion of symbol A of the Fig 17(a). It is 
understood by this figure that at the rising portion Al, the change in temperature is 
steep, at the descending portion A2, the change in temperature is a little slow. 
5 In this case, the temperature of the sealing material is risen up to 200°C as 

described above for keeping the temperature of housing 61 under the melting point of 
the sealing material 59, by using Au-Sn soldering alloy for the sealing material, for 
example. However, it can be a high heating temperature when the melting point is 
higher, or a low heating temperature when melting point is lower, by the characteristic 
10 of the sealing material 59. However, it is not desirable that the heating temperature of 
the housing 61 rise higher than 240°C because harmful gas may be produced from 
melting the sealing material 57 or the adhesive material 55 of lid 56 shown in 
Fig. 7(b). 

As described above, the sealing material 59 is melted and can easily flow to 
1 5 surrounding the opening 58 when melting the sealing material after pre-heating the 
housing 61 under the melting point of the sealing material 59 using the vacuum- 
sealing device 120 as shown in the Fig. 15. Accordingly, stable sealing of the housing 
61 is accomplished. 

Furthermore, high vacuum condition in the housing 61 is achieved by heating 
20 and melting of the sealing material 59 instantaneously when heating the sealing 

material 59 rapidly after pre-heating the housing 61 under the melting point of the 
sealing material 59. However, it is not desirable that the heating time is longer than 1 
minute, for example, because a harmful gas may be produced from melting the sealing 
material 57 or the adhesive material 55 of lid 56. Accordingly, it is desirable that the 
25 heating time is shorter in due consideration of the required time for melting the 
sealing material 59. 

Fig. 19 shows a vacuum-sealing device 130 as another embodiment of second 
vacuum- sealing step as described above. 

The components of this vacuum-sealing device 130 corresponding to those in 
30 the vacuum-sealing device 110 described in the Fig. 14 are assigned the same 

reference numerals, and description which would be a duplication is omitted here. As 
compared with the vacuum-sealing device 110 described in Fig. 14, the vacuum- 
sealing device 130 is different from the vacuum-sealing device 1 10 in that a second 



heater 121 is positioned so as to be in contact with the lid 56 of housing 61, and a heat 
controller 102 is connected to a drive source 94 and the second heater 121. 

This embodiment of the vacuum-sealing device 130 can provide an additional 
advantage to the advantages of the vacuum-sealing device 110 described in the Fig. 14 
5 in that the sealing material 59 is melted and can easily flow to surrounding the 
opening 58, and thus stable sealing of the housing 61 is accomplished* 

The shape and the arrangement of the metal portion is not limited to those of 
the above-mentioned embodiment, but can be set freely within a range not impairing 
strength of the base 65. 
10 As described above, it is not always necessary to provide both the metal 

coating 74a and the metal portion 75. It suffices to provide either one thereof. 

An electrode pattern electrically connected to the metallized portion of the 
opening section or the metal portion 75 may be wired as an extension over the side of 
the housing 61. 
15 (Sixth Embodiment) 

Fig. 21 illustrates a piezo-electric resonator 95 of a sixth embodiment of the 
invention. The components of this piezo-electric resonator 95 corresponding to those 
in the fifth embodiment are assigned the same reference numerals, and the description 
leading to duplication is omitted here. The piezo-electric resonator 95 is different 
20 from that in the fifth embodiment in that a ceramic lid 96 is used in place of the metal 
lid 56 shown in Fig. 7(b). The piezo-electric resonator 95 of the sixth embodiment 
can therefore provide the same advantages as in the fifth embodiment. 
(Seventh Embodiment) 

Fig. 22 illustrates a piezo-electric resonator 97 of a seventh embodiment of the 
25 invention. The components of this piezo-electric resonator 97 corresponding to those 
in the fifth embodiment are assigned the same reference numerals, and the description 
leading to duplication is omitted here. The piezo-electric resonator 97 is different 
from that in the sixth embodiment in that the opening 99 is formed in the lid 96 shown 
in Fig. 2 1 . The piezo-electric resonator 97 of the seventh embodiment can therefore 
30 provide the same advantages as in the fifth and the sixth embodiments. 

The present invention is not limited to these embodiments, but components 
may be freely combined. 



The sealing material 57 may consist of an Au-Sn, a Sn, a Pb-Sn or an Ag 
brazing metal material, or an organic adhesive. The sealing material 57 may take a 
clad or preformed shape. 

According to the above-mentioned configuration, it is possible to perform the 
5 first sealing step, the frequency adjusting step and the second sealing step commonly 
in a laser device or an electron beam device, thus permitting integrated fabrication in a 
device. 

The ceramic base 65 and the lid 56 may be in the form of a single product, or 
in a plate form having a plurality of products arranged thereon. 
1 0 The configuration of the present invention is applicable also to a crystal 

oscillator incorporating an IC chip having an oscillation circuit and a crystal resonator 
unit in a housing thereof, or to a real-time clock oscillator. 

By using ceramics or a metal, which is low in cost as compared with high- 
quality glass, for components, there is available a compact and thin quartz resonator 
15 (piezo-electric resonator) having a size of 5 mm long x 2 mm wide x 0.8 mm thick at 
a low cost. 

According to the present invention, by adjusting the frequency of the piezo- 
electric resonator by a frequency adjuster through the opening provided in the 
housing, it is possible to form a base and a lid composing a vacuum-sealed housing 

20 from low-cost materials, and therefore to provide a surface-mounting type quartz 
resonator at a low cost. 

According to the present invention, by adjusting the frequency by using a part 
of at least one resonating arm of a tuning fork type resonator element, it is possible to 
perform the stable frequency adjustment operation. 

25 According to the present invention, when using a tuning fork type piezo- 

electric resonator element, it is possible to adjust the frequency in good balance 
between the two resonating arms. 

In these inventions, as described above, it is possible to reduce the size of the 
opening for frequency adjustment, and to prevent occurrence of the effect of sealing 

30 the opening on the quartz resonator element. By conducting frequency adjustment 
within a fine range, there is available an advantage of providing a compact and thin 
piezo-electric resonator having stable properties. 



According to the present invention, in which the air-tight region incorporating 
the piezo-electric resonator element and being vacuum-sealed is formed of a base and 
a lid consisting of single layers, there is available a very high air-tightness and it is 
possible to provide a high-quality piezo-electric resonator at a low cost. 
5 According to the present invention, the first sealing step, the frequency 

adjusting step and the second vacuum-sealing step can be performed with a laser beam 
or an electronic beam, thus providing an advantage of permitting integrated 
fabrication in a single device and achieving a low manufacturing cost. 

According to the present invention, by arranging metallized elements around 

1 0 the opening provided in the housing in a piezo-electric resonator having the housing 
incorporating the piezo-electric resonator, heat produced upon sealing can be 
effectively conducted to the sealed portion, thus permitting achievement of a very 
high degree of vacuum. There is therefore available a high-quality piezo-electric 
resonator in which the incorporated piezo-electric resonator element stably oscillates. 

1 5 According to the present invention, by heating the metallized portion formed 

around the opening, it is possible to directly heat the opening formed of fine holes. It 
is therefore possible to instantaneously accomplish highly reliable vacuum-sealing. 
Because heat is not directly conducted to portions other than the portion to be sealed, 
heating effect particularly on the mounting portion of the piezo-electric resonator 

20 element is eliminated, and there is available a piezo-electric resonator of a high 
precision free from deviation of frequency after sealing. 

According to the present invention, it is possible to prevent heat damage to the 
resonator element and the adhesive material. 

According to the present invention, the sealing material for sealing the opening 

25 is a spherical alloy having a melting point within a range of from 250 to 500°C. It is 
thus possible to perform sealing at a low temperature and with instantaneously highly 
reliable vacuum. Since the alloy takes the form of very small spheres (ball-shaped) 
having a diameter of from 0.3 to 0.4 mm, fabrication of the sealing material is easy 
and the material is manufacturable at a low cost. 

30 According to the present invention, the housing opening is formed into a 

circular or elliptic shape, and the sealing material for sealing the opening is formed 
into a ball shape. One or a plurality of sealing material can therefore easily be applied 
matching the shape of the opening, and the heating and sealing operation is easier. 




According to the present invention, the frequency adjusting step and the 
vacuum-sealing step can be accurately carried out with the use of common irradiating 
device such as a laser device or an electron beam device. 



